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Abstract 
In India, the current CO2 emission level is 2,069 Mt with many large point sources emitting more than 10 Mt per year 
of CO2. Also, there are large numbers of coal-fired power plants emitting huge quantum of CO2. The potential sites 
for storage of captured CO2 from these stations are however limited by the geological and geographical features of 
the country. In Eastern India, such possible sites are few. On the other hand there already exist thermal power plants 
and there are 4 UMPP (Ultra Mega Power Plants) in the pipeline. It is with this background that an attempt has been 
made to analyze the source-sink scenario of CO2 emissions in Eastern India. 
 
Present paper focussed on the analysis of LP based approach of CO2 source-sink matching has been presented. CO2 
emissions from the thermal power plants in the region of UP, Bihar, and West Bengal (Eastern Indian states) and 
potential sites at Talcher Coalfield, IB Valley Coal Field, Krishna-Godavari Basin and Eastern Coalfields (Birbhum 
coal Field) are considered for source-sink matching. The spatial analysis is carried out on a GIS platform using 
ArcGIS 9.3 particularly for route plan of the pipelines. The behaviour of sequestration site, particularly the storage 
capacity is a diminishing function. The source-sink matching is carried out considering the remaining capacity and 
available sources at shortest distance. 
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1. Introduction 
CO2 Capture and Storage (CCS) are essential for combating the continuously increasing trend of CO2 emissions. The 
availability of large coal reserves in countries like USA, China, Australia, Poland and India and their exploitation for 
coal based thermal power is definitely pushing global CO2 emissions to an alarming level [1]. CCS is a potential 
solution for reducing the atmospheric CO2 concentration. Reduction of emissions incorporating advanced clean 
technology for coal consumption or capturing and storing the emitted CO2 from the atmosphere require more 
attention for ensuring cost effective solution to this ever increasing problem. 
In India, there are large numbers of coal based thermal power stations emitting huge quantum of CO2. They are 
distributed over the country in different locations. The potential sites for storage of captured CO2 from these stations 
are however limited by the geological and geographical features of the country. It is now well established that 
unmineable coal seam, deep saline aquifer are good candidate for geological sequestration of CO2 [2]. In Eastern 
India, such possible sites are few. On the other hand there already exist TPS and few more planned UMPP (Ultra 
Mega Power Plants) [3]. It is with this background an attempt has been made to analyse the source-sink scenario of 
CO2 emissions in Eastern Indian.   
A significant portion of the India  (over 60%) come from coal-fired power plants [4]. Controlling the 
 CCS 
is a technology expected to deliver a significant portion of the emission reductions. The forecast growth in emissions 
from coal, especially in China and India, means CCS technology has particular importance [5]. Further the CO2 
 
2. Objectives 
The objective of this paper is to perform a Source-sink matching for Carbon Capture and Storage in Eastern India 
with the help of Geographical Information System (GIS) platform and optimization algorithm.  
The steps to meet this objective include: 
i. Identification of CO2 sinks and possible CO2 storage reservoirs in Eastern India, 
ii. Calculation of future pipeline distance on the GIS platform, 
iii. Devising an optimization algorithm and forecast the CO2 source-sink matching for the year 2012-2016 
This paper involves collecting technical data regarding the various CO2 emitting sources in India, possible CO2 
geological reservoirs and existing pipelines in India. Using the following input data for thermal power plants like 
coordinates/ location, capacity (MW), net generation, absolute emissions of CO2, emissions factor and data for 
geological storage reservoir like type, storage capacity (Mtons) and Coordinates, the source sink matching was 
carried out. Systematic and large scale field studies are yet to be carried out in India for assessing the geo-
sequestration capacity of the identified unmineable coal seams and depleted oil field. Such assessments are essential 
for developing confidence in source-sink matching for CO2 management. 
Source-Sink matching 
The CO2 sources considered as input for the simulator are 7 existing power plants, together emitting about 100 Mt per 
year of CO2, which is about 1/20th of the current total CO2 emission levels in India. For running the algorithm, 
coalfields of the eastern region (Talcher Coalfields, Birbhum Coalfields, IB Valley) and geological sedimentary 
basins (Krishna Godavari Basin) are considered. A more detailed study is required to estimate the exact storage 
capacities of these sinks. Figures 1 represent the methodology used for the present study. 
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Figure 1: Methodology used for Source-Sink matching
3. Source-Sink matching in India
3.1 CO2 Sources
The present paper deals with CO2 sources that are considered are thermal power plants of NTPC which have
commissioned capacity of more than 2000MW because if a Carbon Capture unit is to be retrofitted in an existing CO2
source, then the source should be emitting a large amount of CO2 (>5Mtons of CO2). 
The seven sources of NTPC which emit maximum amount of CO2 have been considered for calculations. Most of the 
large CO2 emitting power plants are located in the eastern side of India. The technical parameters and coordinates of 
the power plant are required for the source-sink matching. Table 1 shows the total seven power plant with various 
parameters.
Let the CO2 source be named as Si where i is the serial number of the source.
CO2 emitted by Indian power plants=583 million tons
CO2 emitted by NTPC LTD India=182,000,000 tons of CO2 (Source: Science Daily [6])
Table 1. Net Generation (GWh) and Absolute Emissions (tCO2) for selected power stations (Source: NTPC
website [7])
Name of Power State Commissioned Net Generation Absolute Emissions (tCO2)Emission Factor
Plant Capacity (MW) (GWh)
1 Singrauli Uttar Pradesh 2000 13,627 13,366,504 1.019488716
2 Korba Chhattisgarh 2600 15,472 14,839,026 1.042656034
3 Farakka West Bengal 2100 10,638 10,479,538 1.015121086
4 Vindhyachal Madhya Pradesh 3260 9,289 9,044,126 1.027075474
5 Rihand Uttar Pradesh 2000 15,055 14,343,401 1.049611595
6 Kahalgaon Bihar 2340 6,031 6,072,998 0.99308447
7 Talcher Kaniha Orissa 3000 22,356 21,238,394 1.052621964
3.2 Geological Sinks in India
The geological reservoirs selected are mainly in the Eastern region of India. The reason for selection is that most of 
the thermal power plants (sources) are present in the eastern part of India. The three coal beds having the maximum 
capacity in India (Based on formula considered to calculate the CO2 capacity stated below) are considered. The saline 
aquifer indicated to have the highest capacity of CO2 storage is considered.
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A brief description of the geological sinks in India is given: 
1) Talcher Coalfield 
This coalfield occupies an area of about 1815 km2in the state of Orissa. Only the eastern part, about 400 km2 in size 
contains exposures of coal-bearing Karharbari and Barakar Formations. Structurally it is a broad synclinal basin with 
dips of around 3º to 7º. The degree of faulting varies across the field. There are no igneous intrusive (dykes and sills) 
in the coalfield. There are up to 12 seams in the Barakar and one in the Karharbari. They vary in thickness from 1 to 
60 m. All except seam 1 are of low quality (F-G grade), being interbanded, with high ash content, high volatile and 
high moisture content. The only good quality seam is Seam 1, in the Karharbari, which has ash content <20% (GSI, 
2006 [8]). 
 
2) IB river coalfield 
This coalfield occupies an area of about 1375 km2 in the state of Orissa. Structurally the coalfield is a half-graben 
bounded to the SW by a large fault. The coal seams dip gently away from the field margins towards this fault and the 
basin centre. 6-7 coal horizons are present in the Karharbari and Barakar Formations, of which only two in the 
Barakar and one in theKarharbari have economic potential. The Barakar coals vary from 20 to 60 m in 
thickness.They are banded, have high ash content, high moisture and volatile content and are of low rank.The 
Karharbari seam is 1 to 7 m thick and generally of better quality (GSI, 2006 [8]). 
 
3) The Krishna-Godavari Basin 
The Krishna-Godavari basin has excellent CO2 storage potential both onshore and offshore, as the numerous 
hydrocarbon fields indicate the presence of traps that can retain buoyant fluids at several stratigraphic levels. Good 
porosity and permeability are present in some of these fields, e.g. the Ravva field, which is offshore. Further potential 
undoubtedly exists in deep water further offshore. (Source:DGM [9]) 
3.3 Methodology to calculate the capacity of coal seams 
A standard methodology adopted for possible source sink matching for 2012-2016 with the help of optimization 
algorithm. Table 2, 3 and 4 shows the various parameters used for the present study along with ArcGIS 9.3 software.   
 
Table 2. Summary of the assumptions made for calculation of CO2 storage capacity of Indian Coalfields 
(Source: IEA 2007 [10] 
Depth of coal beds Coal grade/category CO2storage Capacity 
0-300m All grades of coal Nil 
300-600 Coking Coal Nil 
 Superior grade non coking coal Nil 
 Mixed (Superior: Inferior 1:1) 10% 
 Inferior (E-G) grade 30% 
 Inferior under thick trap 50% 
600-1200 Coking coal Nil 
 Superior non coking coal Nil 
 Mixed grade (1;1 ratio) 50% 
 Inferior grade under trap 100% 
On the basis of these assumptions, the CO2 storage capacity of the coalfields considered for the project is calculated. 
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Table 3. CO2 stored in the different geological reservoirs of coal (as of 1.1.2008, Source: Coal Directory of India 
[11]) 
Coalfield Reserve 
at 300- 
600 m 
depth 
(Mt) 
Reserve 
available 
for CO2 
storage 
300- 
600m 
(Mt) 
Est. CO2 
storage 
capacity 
300-600 
m (Mt) 
Reserve 
at 600- 
1200 m 
depth 
(Mt) 
Reserve 
available 
for CO2 
storage 
600- 
1200m 
(Mt) 
Est. 
CO2 
storage 
capacity 
600- 
1200 m 
(Mt) 
Estimated 
total CO2 
storage 
capacity 
(Mt) 
Coal 
bed 
Quality 
Talcher, 
Orissa 
8073 2422 48 1224 1224 24 72 Inferior 
Birbhum, 
West 
Bengal 
3229 1615 32 981 981 20 52 Inferior 
IB River, 
Orissa 
8066 2430 48 0 0 0 48 Inferior 
Let the CO2 storage reservoirs be called sinks and be denoted by SIi where i is the no of the sink.  
Table 4. CO2 Storage reservoirs in India considered for the project (Source : IEAGHG (2008) [12]) 
Sink name 
Storage Reservoir Type 
Storage Capacity 
(Mtons) Coordinates 
SI1 Talcher coalfields Coal 72 20.966667, 
85.133333 
SI2 Birbhum West 
Bengal 
Coal 52 N 23.84251  E 
87.77633 
SI3 IB River Coal 48 N 22.10600  E 
84.02344 
SI4 Krishna-Godavari 
basin 
Geological basin 100 E 73D 21' -81D 09' 
and N 130 07' to 
190 25' 
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Figure 2: Map of the CO2 Sink and Sources on Indian railways map using Arc GIS 9.3 
 
3.4 Pipeline distances 
The pipeline distances are calculated along the railway network where the nearest railway station to the source and 
source and sink to the nearest railway station is calculated. The distance between all the sources and sinks is 
calculated by this method 
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Table 5. Pipeline distance in kms (along the rail network) between various sources and sinks
SI1 SI2 SI3 SI4
Name of the source CO2 emitted Name of the sink Talcher coalfields Birbhum coal fields IB River coalfields KG Basin
(Thermal Power Station) (Mtons/Y) Capacity of sink 72Mtons 52Mtons 48Mtons 150Mtons
S1 Singrauli 11.361528 886 km 634 km 693 km 1175 km
S2 Korba 12.613172 380 km 644 km 347 km 802 km
S3 Farakka 8.9076073 717 km 320 km 622 km 1083 km
S4 Vindhyachal 7.6875071 986 km 550 km 835 km 1209 km
S5 Rihand 12.191891 886 km 608 km 704 km 1187 km
S6 Kahalgaon 5.1620483 627 km 350 km 710 km 1274 km
S7 Talcher Kaniha 18.052635 18 km 613 km 255 km 678 km
3.5 Greedy Algorithm
Greedy algorithm is used to calculate the optimal distance between the source and the sink at each stage. It is used to
do the forecasting for five years as to which sink the CO2 would be stored and how much amount of CO2 would be
transported by which source. Greedy algorithm is an algorithm that follows the problem solving heuristic of making
the locally optimal choice at each stage with the hope of finding a global optimum.
The algorithm is written on the Code Blocks.
3.5.1 Input
i) Coordinates of CO2 source (Thermal power plants)
ii) CO2 emitted /year by the source (Mtons/year)
iii) Pipeline Distance between all sinks and source along the rail network and roads
iv) Coordinates of CO2 sinks
v) CO2 capacity of each sinks
3.5.2 Output
Every year the algorithm runs and calculates which sink would be ideal for the CO2 to be stored on the basis of the 
least pipeline distances and sink capacities.
4. Graphs
Graph 1. CO2 capacities of the 4 sinks across five years
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It can be seen from the graph that in the initial years (2012-2014), no CO2 goes into KG basin as it is the farthest sink 
from the sources and its initial capacity of 150 Mtons is constant. All of the CO2 emitted from the sinks is transported 
to the nearer sinks i.e. IB River, Birbhum coalfields and Talcher coalfields in the year 2012-2014. After 2014, once
the coalfields storage start getting depleted, then most of the CO2 (73 Mtons) is transported to KG basin.
Birbhum coalfield storage capacity gets depleted the first by the end of 2013 although its storage capacity (52 Mtons)
After 2016, new sinks would need to be identified where CO2 can be injected for sequestration.
Graph 2. CO2 storage capacities of the 4 sinks combined across 2012-2016
In the above graph, total CO2 storage capacity of 4 sinks is 322 Mtons and every year 73 Mtons of CO2 emitted from 
the thermal power plants is stored into them. It can be seen from the graph that the maximum amount of CO2in 2013
is stored in Birbhum coalfields.
Graph 3. CO2 storage capacities of the 4 sinks in comparison across 2012-2016
In the above graph, the contribution of each sink to the total capacity can be seen. In 2015, the three coalfields are
depleted completely, and KG basin has 100 Mtons of CO2 storage still remaining. In 2016, when all the CO2 is 
transported into KG basin it has 27 Mtons remaining whereas all the other three sinks have a constant 1 Mton 
remaining, therefore the contribution of the KG basin decreases in the total CO2 storage capacity.
5. Conclusion
For source-sink matching in Indian context, it is seen that from 2012-14, all of the CO2 emitted from the 7 sinks 
is transported to the nearer sinks i.e. IB River, Birbhum coalfields and Talcher coalfields. After 2014, once the
coalfields storage start getting depleted, then most of the CO2 (73 Mtons) is transported to KG basin.
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 Birbhum coalfield storage capacity gets depleted the first by the end of 2013 although its storage capacity (52 
CO2 sources. 
 After 2016, new sinks need to be identified where CO2 can be injected for sequestration 
 In order to make Carbon Capture and Storage a reality, the important measures that need to be taken would: 
 Implementing CO2 tax 
 Technological advancements in Carbon Capture methods 
 Long term secure storage of CO2 
 Increase in number of CCS pilot plants 
5.1  Limitations 
 The cost calculation for capture system for the existing thermal power plants (retrofit option) and new power 
plants (capture ready) are based on the Western European databases 
 A very limited data on storage capacities of geological reservoirs in India is available 
 CO2 would take place by retro-fitting the carbon capture unit 
in the thermal power plant 
 For pipeline calculation, it is assumed that future pipelines for transportation of CO2 will be built along the 
railway network to connect the source and sinks 
5.2 Future Scope 
 Due to the extremely high costs of adoption of Carbon Capture and Storage for a developing nation like India, it 
is important that an economic analysis for this technology is conducted and subsequent actions and 
recommendations for promoting CCS in India are taken. 
 As more data will become available regarding the sink storage capacities, future CO2 prices and technological 
advancements, the simulation result will become more certain 
 Pipeline calculations should be on GIS platform with the help 3D spatial analysis and consideration of terrain 
factors 
 Cost estimation model for CCS in Indian condition can be built which incorporates the cost calculation for 
Carbon capture, transportation and storage 
 To begin with, a small pilot plant for installing Carbon Capture unit in India should be commissioned 
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